| INTRODUCTION
Acantholysis occurs in both inflammatory and neoplastic skin diseases.
Without clinical information or immunofluorescence testing, differentiating acantholytic disorders through histopathology alone may not be possible. Reported distinguishing features include the level of epidermis affected, presence of adnexal involvement, degree of dyskeratosis, and the nature of the inflammatory infiltrate. [1] [2] [3] [4] [5] [6] [7] [8] [9] Pemphigus foliaceus (PF), Grover disease, pemphigus vulgaris (PV), Hailey-Hailey disease (HHD), and Darier disease (DD) all exhibit acantholysis that ranges in location and extent. Acantholysis can also be seen in pityriasis rubra pilaris (PRP). 3 Extension of acantholysis into follicular epithelium has been described as a feature distinguishing PV from other acantholytic conditions including PF. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] We recently encountered an unusual case of pemphigus with acantholysis localized nearly exclusively to hair follicles and with prominent hypergranulosis associated with the acantholysis ( Figure 1 ). Direct immunofluorescence (DIF) testing was positive in an intercellular pattern for IgG and C3 in the epidermis, supporting a diagnosis of pemphigus. Despite the predominantly follicular involvement of the acantholysis, serologic assessment showed highly elevated desmoglein 1 autoantibodies with no detectable desmoglein 3 autoantibodies. Given the lack of desmoglein 3 autoantibodies, lack of oral involvement, and acantholysis centered in the upper epidermis,
we rendered a diagnosis of PF with predominantly follicular acantholysis.
In addition to the prominent follicular acantholysis in this case, we also noted acantholysis associated with hypergranulosis. The involved granular layer was strikingly thickened compared to adjacent uninvolved skin, and individual acantholytic cells had increased keratohyaline granules with a more homogenized appearance filling the entire cytoplasm and often obscuring the nucleus ( Figure 2 ). We propose the term "acantholytic hypergranulosis" for this unique histopathologic pattern. As we had previously believed prominent follicular involvement was typically a distinguishing feature of PV from PF and having noted this pattern of acantholytic hypergranulosis previously in PF, we conducted a study to assess whether adnexal acantholysis and acantholytic hypergranulosis are significant distinguishing features of PV and PF. Additional objectives of this study included assessing the diagnostic significance of the extent and location of acantholysis, the presence of acantholytic hypergranulosis, and any associated inflammatory changes in various diseases that show acantholysis on biopsy.
| MATERIALS AND METHODS
With institutional review board approval, we searched our dermatopathology database for the following acantholytic diseases: PV, PF, staphylococcal scalded skin syndrome, IgA pemphigus, HHD, DD, Grover disease, and PRP. As only a few cases of staphylococcal scalded skin syndrome and IgA pemphigus were found, these two diseases were excluded from the assessment. Mucosal biopsies were also excluded.
Inclusion criteria included definitive clinicopathologic correlation established by histopathologic findings and supporting clinical information.
DIF and indirect immunofluorescence (IIF) findings were included in this correlation, but were not absolutely required for inclusion in cases with otherwise good clinicopathologic correlation. Any case with discordant clinical, histopathologic, and DIF or IIF findings was excluded.
The following features were examined:
• Absolute lowest level of vesiculation (subepidermal, suprabasilar, or upper half of the epidermis).
• Predominant (>50%) epidermal level involved by acantholysis.
• Extent of acantholysis (focal if <50% of the biopsy was involved or diffuse if >50%).
• Acantholysis in follicular or eccrine epithelium extending below the base of the rete.
• Presence of neutrophils and eosinophils within the lower half of the epidermis or throughout the entire epidermis (neutrophils adjacent to erosions/ulcers were excluded).
• Degree of dyskeratosis (none, few scattered cells, or diffuse). Dyskeratosis was defined as premature cornification of epithelial cells as signified by intense eosinophilic cytoplasm in keratinocytes beneath the stratum corneum.
• Presence of "acantholytic hypergranulosis." See Section 1 and A P value of <0.05 was considered statistically significant. Tables 2 and 3 summarize the histopathologic findings in the various acantholytic diseases. While acantholysis of hair follicles and eccrine units was found in more cases of PV than PF, the difference was only statistically significant for eccrine involvement (P = 0.006 for eccrine, P = 0.13 for follicular). Adnexal acantholysis was significantly more common in PV
| Histopathologic features
and PF compared to all other acantholytic conditions (P = 0.0005 for eccrine, P < 0.00001 for follicular). Higher numbers of dyskeratotic keratinocytes were observed in PF vs PV (P = 0.01), but biopsies of pemphigus in general showed fewer dyskeratotic cells in the epidermis compared to the other acantholytic disorders in the study (P < 0.0001).
Acantholytic hypergranulosis occurred most often in PF (PF vs PV, P = 0.0001; PF vs other acantholytic disorders, P = 0.0005). A more detailed description of the findings in each disease is found below.
| Pemphigus vulgaris
Biopsies of PV showed diffuse suprabasilar acantholysis. Thirty-two of 38 cases (84.2%) with hair follicles showed follicular acantholysis ( Figure 3 ). Apparent extrusion of follicular epithelium and sebaceous glands was seen in 13 and 11 cases respectively ( Figure 3B ). Eccrine 
| Hailey-Hailey disease
All 27 cases of HHD showed suprabasilar acantholysis, and 85%
showed acantholysis involving all the layers of the epidermis.
Acantholoysis was present diffusely in 89%. Follicular and eccrine acantholysis occurred in 3/17 cases (17.6%) with visible hair follicles and eccrine ducts ( Figure 6A ,B). Only 11 biopsies of HHD had inflammatory infiltrates, with a predominant pattern of neutrophils at all levels of the epidermis. The majority had dyskeratotic keratinocytes (Table 3) .
| Darier disease
The majority (16/25, 64%) of DD biopsies had suprabasilar acantholysis that extended through all levels of the epidermis. 
| DISCUSSION
While acantholysis in adnexal structures has been reported as a distinguishing feature of PV from PF and other acantholytic dermatoses, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] 12 our data show that adnexal involvement is common in PF, with more than half (64.3%) of our cases showing follicular involvement. A few prior studies have assessed adnexal acantholysis in PV and PF, but they did not include other acantholytic dermatoses. One reported follicular acantholysis in 47% of PV cases, with no mention of follicular acantholysis in PF. 11 Acantholysis in PF has been reported in one study, but in a much smaller percentage of cases (19% of 27 PF cases) than we detected. 12 Our findings indicate adnexal acantholysis occurs frequently in both PV and PF and cannot be relied on as a major discriminator between the two. This is clearly illustrated by cases of predominantly follicular PF, 13 one of which provided the stimulus for this study (Figure 1 ).
The desmoglein compensation theory suggests that loss of one desmoglein can be compensated for by other intact desmogleins (eg, no oral involvement in PF due to expression of desmoglein 3 at all levels of oral mucosal epithelium despite desmoglein 1 expression).
Both desmoglein 1 and 3 are expressed in infundibular hair follicle epithelium in a pattern similar to the epidermis (desmoglein 3 in the lower epithelium and desmoglein 1 in all layers) 14, 15 This differential expression of these desmogleins would explain the observed frequent involvement of acantholysis in PF patients in follicular infundibula. In the isthmus and lower segment of the follicle, desmoglein 3 is expressed at all layers of the epithelium. 14 We did observe acantholysis in PF patients below the infundibulum in some cases. Desmoglein 4 is a key desmoglein expressed in the hair follicle, 15, 16 and when FIGURE 5 A-D, Acantholytic hypergranulosis in four cases of pemphigus foliaceus. Hematoxylin and eosin (H&E) ×100 for A, C, D, and ×400 for B mutated results in autosomal recessive hypotrichosis. It is expressed in the inner root sheath along with desmoglein 1, and autoantibodies to desmoglein 4 have been found in some pemphigus patients. 16 It is possible that autoantibodies to additional structural proteins in some PF patients such as desmoglein 4 may contribute to adnexal acantholysis.
Acantholysis in HHD has been reported to spare hair follicles, 3, 17, 18 including a study of 54 HHD biopsies in which subinfundibular parts of hair follicles and sweat ducts were reportedly spared by acantholysis. 19 Adnexal acantholysis was uncommon in our HHD biopsies (focally present in 18%) and thus has some diagnostic significance in discriminating pemphigus from HHD. Literature on acantholytic adnexal involvement in Grover disease and DD is scant. While DD is also known as keratosis follicularis, the name is misleading given the lack of association with hair follicles. 20 We could find only a single report of focal follicular acantholysis in a DD patient. 21 Only 14% of DD biopsies showed follicular acantholysis in our study. Some textbooks mention follicular involvement in Grover disease, 3 but there is little evidence in the literature to substantiate this claim. Follicular acantholysis appears to be a distinguishing feature between pemphigus and DD and Grover disease.
As it occurs in 15% to 20% of both DD and Grover disease and is typically focal in both, it cannot discriminate between these two diseases.
A number of studies have tried to prove eccrine involvement in Grover disease, with mixed results. [22] [23] [24] [25] We did not detect any eccrine duct involvement in Grover disease in our cohort. Acantholysis in PRP is variable, occurring in a minority of biopsies from both follicular and non-follicular locations. 26 Our study shows that follicular acantholysis significantly differentiates pemphigus from other acantholytic disorders (P < 0.00001). It is noteworthy that close to 20% of our HHD and Grover disease cases have follicular acantholysis, as do some of our PRP cases (Table 2) , indicating this finding is not entirely specific. However, follicular acantholysis in HHD, PRP, and
Grover disease is usually superficial and focal ( Figures 6A,B and 7C,D) , while in pemphigus it is more diffuse and can extend deeply in adnexa.
| Acantholytic hypergranulosis
We found a recurring histopathologic pattern in which keratinocytes in the granular and lower cornified layers show loss of intercellular adhesions, some preservation of a flattened/spindled shape, and obscuration of their nuclei with abundant keratohyaline granules. We involves larger areas than FAD does. We first noted this pattern frequently in PF, particularly in cases with follicular involvement, and indeed we found that acantholytic hypergranulosis occurs most commonly and most extensively in PF. Although it was also found in some cases of DD and Grover disease, acantholytic hypergranulosis in the latter disease entities was much more focal than in PF. Acantholytic hypergranulosis was found in 37% of PF cases and only 4% of PV, supporting this as a distinguishing feature between the two when present.
| Epidermal level and extent of acantholysis
The level and extent of acantholysis in our study parallels established patterns of acantholytic disorders: diffuse and suprabasilar for PV and HHD, diffuse and upper epidermis for PF, and suprabasilar and focal for DD and Grover disease. Some biopsies showed areas of subepidermal separation. We presume this represents a secondary/posttraumatic event given the focality of that finding. Acantholysis in PRP has been reported in a number of studies, ranging from 9% to 88.5%.
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Acantholysis occurred in 15% of our PRP cases, with a suprabasal location in all cases.
| Inflammatory infiltrates
We found neutrophils and/or eosinophils in the majority of our pemphigus cases with a distribution paralleling the level of acantholysis seen in those diseases, that is, lower epidermis in PV and ascending from the lower epidermis to the cornified layer in PF where subcorneal pustules are sometimes evident. The number of biopsies with neutrophils and eosinophils did not differ significantly between PV and PF, but the distribution of inflammatory cells serves a distinguishing feature between the two. HHD is on the histopathologic differential diagnosis of PV, but can have a more variable level of inflammation. 30 In our study, although the pattern of inflammation is more variable than that of the pemphigus group, approximately 1/3 of our HHD cases had neutrophils spanning the entire thickness of the epidermis and eosinophils were uncommon.
DD has been described to have a scant to moderate lymphocytic upper dermal infiltrate, 31 while others regard inflammation in DD to be an uncommon finding. 3 We found minimal inflammation in our DD cases, which can be a helpful feature in distinguishing it from Grover disease. Eosinophils are common in Grover disease (approximately 80% of cases), although they are often present in small numbers. 3, 21, 23, [32] [33] [34] [35] While eosinophils are frequently found in the dermis in Grover disease,
we also found eosinophils throughout the epidermis in approximately 20% of cases and intraepidermal neutrophils in about 15%. PRP is regarded as a pauci-inflammatory dermatosis, although eosinophilic infiltrates and lichenoid infiltrates have been reported. 26 Eosinophils were seen in 12/32 cases (38%) in one study. 27 Meanwhile, eosinophils and plasma cells were seen in 27% and 35%, respectively in another study. 28 Our study focused on inflammatory infiltrates at the dermo-epidermal junction and in the epidermis only and showed absence of neutrophils or eosinophils in our PRP cases.
The discrepant findings can be attributed to the difference in methods between these studies to assess inflammation.
| CONCLUSIONS
We report that adnexal acantholysis is common in both PV and PF and is not a reliable distinguishing feature between the two. The level of acantholysis in the epidermis and distribution of epidermal inflammatory cells are useful for this distinction. We also report the pattern of acantholytic hypergranulosis to be a distinct pattern that is most often associated with PF, and report an additional case of pemphigus foliaceus with predominantly follicular involvement. Adnexal acantholysis also occurs in HHD, DD, Grover disease, and PRP to a lesser degree, and is typically only focal in extent.
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